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Intrcductii n 

In order to fom a stable emulsion of two Isiiisolble 
or partially InnlBclble liquids, a tliird substance, an 
exaulsifying a^^ent, smst collect at tlio Intorface, fom a 
colw)rent filn about tlw) globules of the dispersed plaise 
and tliereby prevent coalescence. This is }wld by Dodd^ 
et al« The aspl^ltic coftstituont in |>«trolot.iei and its 
derivatives is a native eaulsifyinp, agent, iiherrick,^ and 
Lottemoaor and Oslantar^ enplaislse tlis importance of as- 
plmltio matter as tl>e emulsifying agent, lismlsions can bo 
brtrfcen by removing tlw» asphaltic watcrisl by any of several 
taeens: by adsorption with fuller’s earth, by extraction 

with alcoholic sodium hydroxide, oi* by piKJoipltation by 
anhydrous stannic chloride. Dow and Reiatla^ found tl»t 
oil recoverod from oMulsions l»d higher carbon residue 
values U«n the unexmlsif ied portion of the same oil, wMoh 
indicated that tlie asphaltic conponents had concentrated In 
the emulsion. 

The interfaoial tension between tl» oil and tl» water 
glolniles and the extent to which the emulsifying agent change 
tlie interfacial tcnnio»i aro important factors in eaulsi- 
bllity. IJowering of tlve tension between the liquid phases 
prouotes enulsificetlon; i*aising of tlie interfacial tension 
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favors doisnilsifioatlon* Different s erits Ijrvo varying de- 
grees of eseilaifylng power. The addition of soctp to oil 
and weter decreases tl>e interfacisl tension and increases 
emlsif icaticxi, while such chn£d.cals as are used to Lrr.ak 
petroleum enulslona Inoroase the intorfacial iennion. Tlve 
camoOBl.tions of tlie two liquids are also inportent factors 
in ctmlaif ication, inasnuch as the intorfacial tension be- 
tween solvents differs and, as fo\md by the author, a given 
ecailsirier will have differing effect upon the intorfacial 
tension between any two particular solvents. Ikince, 
petroleum products, which are ordinarily mixtures of several 
l^drocarbona, have Interracial tensions with water de])andent 
on t}»ir cor-spositlnn. That the ooriposltlon of an oil af- 
fects the emulsibility of the oil was hinted by Katx and 
beu,^ "One view could bo that the asphaltenes are 'potential 
colloids' and that soluticsns emtaining then easily convert 
into colloidal systems I’roia changes in t))o cceipoaition of 
the solution." Hollensteyn® found that tlVD addition of 
liquids, which have a surface tension below 24-26 dynes/cai. 
St 25° C., causes floocxilation of the aspbaltic mioclle, 
while tlw' addition of liquids havln£; a surface tension 
abo\'e 26 dynra/cn. otiuses peptisation. 

Even tlie l«ix»rlties in the water affect the intcrfaolal 
tension of the system. So also does the composition of the 
asphaltic matter, hor example, in this work it was found 
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tlJ^t crecVdd uspl«ltlc sMtt«r on ft Xovvrrftd tiift 

tnterfacial tension laore than did air«ight-mn ftsphuXtic 
tifttt«r, all other factors being eq\i«X« Tiw^ fttmeture aiid 
nolecular wei^^ht of the ftaphaltic »«tter, the extent to 
w)J.ch it haa been oxidisod, the j-ftdtcal i;i*wpa fttt>‘ched, the 
aoXeouXftr poXarlty,— uXl influenoe the effect of the aaplialtlc 
mttei' on tii« Interfacial tension of tl>e aysten. 

In any one ayatea, however,— fonpouod of an oil of given 
hyd?ocftj'bon cOBsposltion, water of given Jjsj'urlty content, 
and asphaltie natter of given coaoositlcai— tlvere la a dafinlta 
InterfRclftl tension at a particular teripereturc* This Inter- 
fftclftl tenaicn la an iaportant factor in tJ* oaailslbility of 
tlio synten, l#c*, tlie ability of the aysten to reaairi cam la 1- 
flcd* Syatens having high Intorfccial tensions are tlMsmo- 
dynaaloftlly unstable, sinoe their resolution raaults in a 
decreftae of Intcrfaclal area and free energy of t!ie systeu* 
Ilenoe, high Interfaclal trnalon pronotes coftleacence of the 
diaperaod phase and thence dftxxilalfication* Conversely, 
tl» lower tlie Interfaclftl tension of the aysteex, tlie »ore 
stable la tl>e oaaileion* 

Ih’lwarlly Involved in aaailalbillty Is the aedlssonta- 
tlon foroa. There ore two opposing forces acting vertically: 
the effective force of gravity (or crntrlfi»;al force should 
It be applied) and the kinetic foj'cc of dlfl'Halcsn. Tlie ef- 
feetiva force of gravity allows for tl» buoyancy of tlic oil, 
and for one sole of auapanded particles la: 
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Khere H J.s AvOtjedro's nuiaber, g Is tli« gr«vitai.ion«l ac- 
oelc station, v is the avers o vol’ine of the eater particles, 
and AyO 1* tV*e difference in density between the water atkd 
oil. This force endeavors to pull the water particles to the 
hotter* of tiie voencl and Ir.oreese the concent ratJ. on of water 
particles tliero, Oppoaing this fo:*ce is tiie brownian kinetic 
force wiiJ.ch cotines tlie colloidal i^ertlclos to difj’uso fron a 
region of Id-giior conoentraticn to one of lower concentration, 
t,e#, upward* I'h© clwtnge In free enerf;y AF wlw»n one nolo of 
water oartiolea diffuses frc«n conoontrations nj. to nj 5 io 
given by 



wtwsre la the distance between the points of con centra* 

tion ni and np* Valuea of nj. end ng way he detemiiijed by 
counting tlve nitnher of particles in a given field of a 
Microscope* The net I’oroo, or aedlnentatlon force, at any 
tine is ll'<erefore 



A P 5 KT In ^ 

The avera**e kinetic foi*ce causing diffusion then is 



Pd if fusion 3 ^ ^ 




( 4 ) 

( 5 ) 



Then tlie em;lsion has reached aquillbriun the aedinentatlon 
force will be uero and 
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Vlsoonlty Is also a factor In enuloiblllty* 71i« rate 
of diffualcai la dcj>end«nt on the vlaooslty according to 

^ 

whore D la tl« apeolflo rate of dlTfuolonf Y[ la the coef- 
ficient of vlacoslty of the continuous phaae^ and r is the 
radius of the spherical eater p>artlcle« The greater the via- 
coalty^ the loss will be the diffusion of the colloidal water 
particles upward, and sediraontation dowiward will be increased. 
Tlaifl viscosity, by retarding dlffuotcn upward, tf nds to da- 
crease tloe osiulslbillty • On the other liand, water globules, 
which hsvo coslesced and are of oufflclent also as to ba un- 
affected by Brownian kinetic forces and which tend to settle 
out under the effective force of gravity, arc i*f tarded fron 
doing so by viscosity. According to btokco* law this 
frietlonal force is 

f X 6TTV|r (G) 

In this instance, visooeity tends to increase tlai cmulsi- 
bility by retarding the settling of ooalenoed tsitor particles* 
Viscosity is a frictional force and always opposes motion, 
whetlmr it be colloidal diri*uolon upward or tlie soitling of 
coalesced globules downat*d. It is also significant that 
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the vlccoelty of «n oil -a iiiort-xneC Ijy the prr #e;*ce of col- 
loidal asp'iialtie >-:etter, as pointed out by Lottonioacr and 
Oalantar«^ 

The asplAltlc const Ituentc cl* an oil aro BiaoraROlecular 
Eiixtui^ea of aronatlo and naphthenic riii(i8 elth jias'afftnlo 
aide clJilna.'^ i;ti'slght-zun aaplmltlo laatter le nelnly oon- 
poaed of naphtlione rings wilnh are suaceptlble of dehydro- 
genation to arcwatlo rings* Under relatively sever© condi- 
tions aaphalttc setter nay b*.- oxlolred to aaponlflable pro- 
ducts* 

bolublllty tests are iised to divide aophaltl© Biates'isla 

B 

into different classes* Kicl:«rdson*a' systen classifies then 
In tholr order of decreasing solubllltlcas naltenes^ rosins, 
asphaltenes, esrbeneo, arx3 osrboida* Ifaltenes are soluble In 
light petroleus naj>hthc (OCO)* Resins are a jjart of tlie 
aaltcjv) fractii*;; tliry are soluble in li ,ht naphtl* but «ey 
be recovered from it by adsoi'bents such as fuller's earth* 
Asplnltenes are insoluble In light naphtha hut soluble in ben- 
zene* Carbenes are insoluble in Ixjnsene end carbon t*tr*a- 
c)*loric>e but soluble li\ carbon disulfide* Oai‘b«lds ar® in- 
soluble in carbon disulfide* 

Carbenoa and carbolds are pj’oeent. If at all. In petroleusi 
protluets to a vei*y Minor degi'ee* hultenes are soluble in tlie 
V rlous products* lienee It Is ttio asplAltenes and rosins tl^t 
ocMistltute the bull: of t)ie anplskltic natter which acts as 
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oxoaloLfyin^, agent* Tlvey ai<« oollolaul In slKe^ aro adsurlM»d 
at tlm viator-oll Intorface, fornJLng a unlasolecular fllra,^ 
probably aidecl by tlieir polarity 11’ tluiy lAve been oxidlaed* 



B 



Sf tenent of I-xi)g>rlr4ont»l Kork 

The role of «8pl>alteneM an tl» onjulalfylxj*i af.,ont In 
t»atei'-ln-olil eMulalona waa invest ligated frc»i a mu-iber of 
different viewpoints. Tlxe ax}>«riE3enial work was divided 
into foxxr ])ai*tet 

!• A oon^rison was uade of the abilities of cracked 
aaplTwltenea and straight -run aaptailtenea as emilolfying 
agents in various petrolexun products; 

II. enulsibllitios of various petroloun products 
were detexvilned before and after rewoval of the contained 
aaplstltenes; 

III. A study was niado of tJie variation of the ezsulai* 
bility of light petroleun products with increasing as- 
plialtene concentration; 

IV. A study was rsade of the variation of the inter- 
facial tenaion of light pctroleiaa products with Increasing 
asplxaltene concentration. 
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f*art I« Cor.f^rlflon of cr c ek ed wncl stralr.ht -run 
oa;^Tteneo as etiuTalfyin^^^ aj'entB 

Procedure r 

A oonperlson w«a mdo of the ertuielfylnf; •bllltlea of 
aaphaltenea contained In cracked tar and thoae contained in 
atralght-run aoplialt* Two fuel oile were preijared oo tt»t 
each had a vlacoaity of approxiwfttely 225 b.S.U* at 122®P# 

The first was a blend of 70>' by volume of oracled tar cut 
back with ZOjh of atraight-nm gao oil; this blend will be 
l»reinafter refej’red to as *’tlie clicked blend*" The eocond 
was a blend of 50^ by volume of straight -run asp)u*lt cut 
back with 50^ of straight-run gas oil; this blend will be 
hereinafter referred to aa "the atralght-run blend*" All 
of these j)roduots wore derived frcai California crudes* The 
orackod tar had a 7*2^ oyololwxone insoluble content ^ which 
waa determined by tlie method proscribed by Abrahaw^^ for solu- 
bility tests* The per cent cyclohexane insoluble is an in- 
dex of the amount of asplwiltenes heavier t>tan those found in 
otr«ig]it tom residua or, in otlior words, a measure of the 
severity of cracking* 

A few dropa from a 25 nlllillter dropper bottle of tba 
cracked blend were added to a petroleum product sample, 
ouch a a benseno, and a like quantity of tlwi straight -rim 
blend added to another equal sample of the sane product* 
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?ach mixture vma sViRken In « ICX) niliilttor /'rfccluate with 
equal voLo£>e8 of diatilled vmter and Its realutance to aepara- 
tion obaorved* Tliia oonijuriaon of the eMulsiJ*ylnp effect of 
cracked and atrelght-run asp})altftnea wao dotajwitned In ben- 
*rne, cyololioxane, carbon tetrachloride, koroacue, and 
etralght-run (^aa oil. 

Keaulta: 

With bansene, the stralght-x*un aapla»lten«a, aa contained 
in the atraicht-run blend, allowed the water to separate* A 
aciall anount of «f!»ul8ion was forced below tlie oil layer but 
this, too, broke upon atandln;^* The cracked asplwtltenes 
caused a peraammt eoulaian to form* 

isith oycloliexane contalnlnfs atrslght»i*un aaphstltenes, 
slallar results were obtained as with benzene, except that a 
Middle layer of eaulalon recMined while moat of tlie water 
separated* With cracked asplialtenes, a heavier emilsion was 
forawd tlwin in tiie caae of benzene* 

With carbon tetrachloride, the atraight-run aaplialtenea 
allowed the enulsion to break, the water top; 

a Middle layer of enulslon rccMlned* O'he cracked aaplialtrnes 
caused a very thick, almost solid, emilsion to fom* 

With kerosene, the stralght-xnm asplMltones forned a 
better eculaion U«n they wei*e capable of doing in tlie otlier 
products tested* As exiieoted, however, tl»e cracked asplmltenes 
fomed More and tMcker emulsion tl»n did tl» straight-run 
asplMltonaa* 
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with str«iRht~rvm £Hn oil, th# ht-run ftspl^ltencfi 

rXIovocI tl 2 « wflter to *«:,‘«i’ot© uhll© the cruit\:t»c\ fiai>)iMltnno8 
for»«d a stfible oBiulQlona 

DlsousBion of rea^llta: 

In all canes tlw enulslfyln^' effect of tlm eraoked aa- 
pl«ltcnes was noticeably greater tlJin tlsat of the atraight- 
run asphaltenes* It eas noted tliat equal quantities of as- 
phaltene h*nd varying enulaifylng effect on tlie different pro- 
ducts tested: the coripoaitlon of the oil la a factor in 

eaaiiBlfloatimi, but only Inaoemch aa It affects tlwi «ore 
fundamental faotora of Interfacial tonnlon aikl oedlnontation 
force. 
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II » i?-?. laibillty uoforts Btic. ial*t»r rw i o vl 
Gl* »nph:.Itono « 



Proccklurw : 

Tho effect of aephalteno content upon tlm eiai;lotblllty 
of «n oil HK8 «ppx*o«ol)#d by determining tlie «i«ilaiblllty of 
the oil before ami after t^4^ renovftl of the contained ae- 
pletltenea* 

7116 enuleiblllty waa detemlnod by Koderal specification 
Method 320*52«^ briefly, thie teot oonninta of paddling for 
five mlmitoa 27 mlllllltera of the oil and 33 millllltera of 
dlatllled water In a 100 Milliliter gi‘aduated cylinder* 71ie 
tenjieraturo of tlie teat waa 130® P* wMch aas obtained by 
iisnoralng the gi’aduate to tlie 05 Milliliter mrk In a water 
bath maintained at thla tewpereturo* 71i« speed of rotation 
of the paddle waa 1500 revolutlona per nlnut®, wlilch waa 
checked by a revolution counter* At tlie end of five wlnutoa 
tlte paddle waa atopped and removed frean the cylinder* Head- 

of 

Inga^the deaaroatlon between tho toptiost oil layer and tlie 
adjoining eMulelon wore taken and reoordod with tlie tine of 
the readlnge* In thla work tlie 'detiulalblllty'' waa taken aa 
tlie average, elope of tlie curve otitained by plotting tlie volu«e 
oi' the oil aepai*eted veraua tlie tine since stopping the pad- 
dle • Tl» "onulslbillty* is the nuxaerloel value of the re- 
olprooel of tlie "deMulalblllty •" 
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The con1;cnt of tlw oil tiftit dot«rsiln«d ^;r«vl- 

£sotric«lly l>7 adoorbing the aaphaltaiHoa on aabaotoas* A Oouch 
ciniclblo was carefully preiiarad by pouring Into It a auopenaion 
of finely divided aabentoea fiber, auokinf; It di’y through a 
auction flask, and tap;>ing tlK) ciat tight* T}iia proceaa was 
rejKsated until light could junt no longer be seen tlirough tl» 
holes of the cruolble* The crucible eas then dried in an air 
oven at 106° 0, for a period of two lioura, after wMoh it was 
allowed to cool in a deaiocator* oruoible was thon 

weighed to 0*1 nilllfpHtun* Tho weighed orviciblo was placed 
in the suction flask and the oil filtered tlu’ough It* The 
weight of the oil filtered waa dotemlncd by welglilng tlie 
stoppered flask containing the oil before and after filter- 
ing. The oruoible was again placed in tlie air oven at 106° C*, 
then cooled In tlw desiccator, and weiglied* Hhe difference 
in weiglrt; of the crucible before and after filtering was the 
weight of the adeorbed anpiialtenca* The per cent anplialtene 
content of the oil waa then calculated* 



he suit a: 

hanple data and oaloulatlona for these resulta are pre- 
sented in the Apx>endlXa 



Wciulalbtltty 



haisple 


Asphaltene 
content (%) 


wlt)i ssphAltcnes 
(nin/nl) 


Cracked gas oil 


.035 


•242 


Lub oil ^1 


•300 
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lAib oil {fQ 


*005 
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DlsouKflion of rmmlte: 

Tl'/tr© wiis a definite decree ae In tlie esoilalbllity after 
the aaplvtltenea were mnoved* Tlie enulalblllty wea Xeaaened 
In each caae ljut tlie final eisulslbility waa at 111 obAracter- 
istio of the oil. If ftapl»lten«a were tlw only factor af- 
fecting eaiulaibility. It would be expected that their re- 
isoval would reduce all olla to the aame level of emulel- 
bllity* Tlie last ooluijai ahova that the final eemlaiblllty 
differed In each oaoo* In otl)©r wordn^ tlie eEulolbility waa 
leaaened by the renoval of the aapl»ltenea but waa at 111 de- 
pendent on tlie otlier factora influenolng.-lnterfaolal tension 
and thooe affecting the aedlnentation force. TMa la alao 
Bubatantlated by tt)e fact thAt Lub oil with an asphaltene 
content of .695J5, l*d a lower enulalbillty than did Uib oil 
#1, which iwid an aaphclteno content of .399^. 
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♦•>rt XT" , Irulalbillty voraxiw i topl»lt«nc concrnti^tion 
Procedure : 

The enultaihilltiea of different ll^;ht ixitroloun products 
were deteminod ulth lnoi*'’Salng ssphultene ooncentrstlon# 

The asphslter.es were added to such products as bensene in 
the foi*ri of tlic cin«cked blend (Vujl cracked tar and 30?* 
Btralght-nm gas oil). A representative sanple of the 
cracked blend was placed in a 2i> ailllllter dropper bottle* 

To 27 nllliliters of bensene in a 100 milliliter graduate 
was added a number of drops of cracked blend* The sample 
ifoo nixed^ 55 Killllitcrs of distilled water added, and tlie 
enulaibility determined accoi'dlng to Federal Specification 
Uetl'iod 320*52, outlined In tl^ "Procedure'* of Part II* The 
weight of the asplwiltenes added was detex'alned by weighing; 
tlis drop.*er Lottie before and after tlo: addition of the 
aaplialtenca to tlM sanplo* Strictly speaking, tld.s was tlie 
welglit of tiyo creokod blend and not of the asplo*ltonea* But 
since the onulsibility was to be correlated with the relative 
asphalteite content, tlw weight of the oi*aok«d blend was con- 
sidered representative of the relative aspl»lteno content. 

The esulcibllities of the sane petroleum product with dif- 
ferent ai.o'unts of asphaltene added were similarly detemined* 
ilwiao tests of vsriatioti of eisulsibllity with ssp)i»ltene 
concentration were made for beiusene, cycloliexane, Imxane, and 
straight-run gas oil* The tests were run both at 130® F* and 

0 

) 70” F* It will bo noted tlist bensene, oyololmxane, end liie>xana 

contain six csi'bon atona and ai>e typical of the aroemtios, 
naphU^ni s, anr< pA raff ins, resi/ectively * 
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Reeulis ol* tlies tosts run «t 150® F: 



lionzeno (130® F«) 



Oomomtimtlcr cf leuIslbUlt 

Ko. of dro: s VeiglTt of aspbcltent l/slt^ 

of •pphnlteno aoplicltcne (f 7 n) (ga/litcr) alopo (ail/wln) (nln/gll 



1 


.o&e 


1.07 


116 


•009 


2 


.054 


2.00 


22,9 


•044 


e 


.060 


£.07 


20.4 


•040 


3 


.071 


2.63 


12.4 


.001 


3 


.089 


3.30 


10.0 


.056 


4 


.110 


4 «4X 


6.9 


.145 


4 


.150 


5.66 


3.7 


.870 


5 


.137 


6.07 


5.0 


.200 


6 


.160 


5.93 


C.O 


• 147 


0 


.210 


7.74 


3.9 


.256 


6 


.220 


0.45 


3.6 


.270 


10 


.270 


10.30 


£.9 


.345 


12 


.332 


12.30 


2.9 


•345 


15 


•494 


10.20 


1.15 


.070 


16 


.570 


£1.10 


1.00 


.925 


16 


.570 


21.10 


1.45 


•690 


20 


•6G5 


£4 .62 


1.00 


1.000 


25 


.005 
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Gyololiexsno (130° P.) 
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Denulslblllty l/slops 

slope (ml/nln) (ciln/nl) 
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IIcxAne { 150 ^ r « ) 



Ho, of drops 
of «ap}«ltcno 


Weight of 
aaph^lten© (gn) 


(Scxwintmtian cf 
aopljulten© 
(gM/lltcr ) 


r>«aul8lblllty 
slope* (til/«lnj| 


KViulalbillty 

1/aloM 

(mln/ml) 


1 


,031 


1.15 


110 


.0091 


V. 


.053 


1.96 


107 


.0093 


2 


,054 


2,00 


106 


,0096 


4 


.110 


4.07 


73 


.0137 


C 


.159 


6,26 


30 


.020 


5 


.180 


6.07 


29 


,034 


10 


,315 


11,07 


26 


,030 


15 


,455 


10.05 


10.4 


.096 


15 


.532 


19.71 


0,0 


.167 


20 


,C85 


26,38 


2.3 


.436 



3tral nht-rtm r.*8 oil (150° F.) 



OCnouti*aUoii of l attlaiblllty 

Vo, of drops l^oiglit of « spiwi It on© D«rnilslbillty l/alop« 

of snphttltono a sphe It ©n« ( ) (f^i/llt©r ) a lo}?© (nl/nln) (nln/cl) 



U 


0 


0 


31 


•032 


0 


0 


0 


27 


.037 


0 


0 


0 


33 


.030 


1 


.003 


.11 


26 


.040 


1 


.026 


.96 


8,7 


.115 


1 


.020 


1.04 


0.7 


• 115 


2 


.061 


1.09 


3.2 


.302 


3 


.008 


3.04 


.90 


1.02 


4 


,108 


4 .00 


,35 ' 


2,06 


4 


.117 


4.34 


.35 


2.06 
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.152 


5.63 


.157 


6.^.7 
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0.00 
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EmulSIBILITY at 130* F. (mIN/ML) 



Diacunalon of rcoulto of tests at 130® F: 

Tlwjse results w^»en plotted on lo*$-ioe paper (Pif;ui*r 1) 
yield ati’aight lines* All ourves show definitely tliat as 
tl>e aspl)altene concentration is increased^ the esmlslbllity 
also inoroaaes* T1 m> explanation of the logaritteilo variation 
of exxilsibillty with aaplwilterte conofntration is lied fron ad- 
sorption oon3ldei*ations, for the asplwltenes are adsorbau at 
tlw oil-water Iritcrfece anti are then In a position to lower 
the interfaeial tetision, tlwroby Increasing the ewulslblltty • 
An eaulalfylng ai,ent acts by virtue of its ability to lower 
t>» interfaeial tension, but before it con affect the inter- 
facial tension it irxist bo adsorbed In tlie tnterfoce* Thus 
eMulaibllity is seen to l>e dependent on the adsorption of ths 
aaplialienes In tlie interface* 

Preundlich*8^ oaplrlcal adsorption IsotheiTtt is 

q a ko” (9) 

where q is tlie weight of material (anplwiltena) adsorbed iier 
unit aj’ea of adsorbing Interface, 
a is tlie nonoontration of the adsorbed naterial In tlia 
continuous pliase (c*e'. benxene), and 
k and n are constants dependent on the particular system* 
If the aeulaiblllty is a linear function of tlio adsorption at 
the interface tlien it would follow thRt tlie eeuilsibllity could 
be expreaaed 

B s Ke” 



( 10 ) 



HiX im tt iwii< % mittmmrn 
a •wM) «0i» Mft 



M MJ ‘tpCi#A41M PM M P M MA MPU Af^PMt 




♦ tpO u PPi #W «l APMAlMt* 
•» MilM^ imMiwm 

111 V • » 

fPH tp l ll i l 4PPiX*i H P> l Ai M M 1» i%lfP <«i »l » 







i 



Till# ^si'uatlon hoXdo for thi* «i»ailolbllttyoono< ntr«t itwi rrl*- 
tlon of UenEono, cyclohi'xajio, liax«ne, arvl ati**! li^bt-nin 
oil at 130® P. ?>» value of k aii<3 n aro both deiiondant on 
tlM particular petrolaxan product uaad In th« •aulalflcatlon; 
n lo tba slope of t>« I 0 .--I 0 * plot of R voraua o, and K la 
tin value of tlie concentration ivlaen the esulnlblllty e<piala 
unity. 

It Bliould be noted tliat tlie atrai{;irt«rmi ^aa oil line 
In Plgui’c 1 plots very close to tl^e oyolol»xftne line. It 
ni(;ht tliereforo be tentatively reasoned that the stralgyit- 
run (fia ell was largely naphtlM*nlo, 
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Rftsults of tJifi testa run st 70® F: 



ix>nsene 170® F«) 



Ko, of drops 
of « sphP.lt one 


Weight of 
asi))«ltene 


Ccnantzat^ 
cf att|)I:alteDe 
J-ffL) (i^yiltcrj 


leojlnihllltj 

slope 

. JtnjL/ninJ^ 


iHulsiblllty 

l/olcme 

(min/Kl) 


1 


,036 


1.30 


21.8 


•046 


3 


•008 


3.03 


4.9 


•204 


0 


.315 


11.7 


1.73 


•670 


10 


.356 


13.2 


1,27 


.70 


10 


.570 


15.7 


1.65 


.61 


20 


.742 


27.5 


1,13 


• COG 




Cyftloli03«?Jno (70® P,) 










Occawitretin 


I^raulaltdUt^ 


remlslbillty 


Ho, of drops 


Velght of 


of aeplaltcnn 


slope 


1/slope 


of ssplieltono 


aspho Itrne 


(grj (fTyiitor) 


(nl/Eiln; 


(nin/nl) 


1 


.020 


.963 


fe.CO 


.151 


2 


.077 


2.86 


1,94 


.515 


3 


,099 


3.67 


1,52 


•650 


6 


.159 


5.00 


1,12 


.892 


7 


.230 


8.76 


1.17 


.055 


V 


.240 


8.90 


1,23 


.012 


0 


.250 


9.26 


1,25 


.800 


10 


.314 


14.3 


,84 


1*19 


15 


,477 


17,7 


•95 


1.06 




Hexane (70® P.) 










Ocf)centintin legrlslhlllty 


rMxxlsibility 


Ko, of drops 


Weight of 


of aaptaltew 


slope 


1/slope 


of asphaltene 


asp})alteno i 




(ril^nln ) 


(nln/nl) 
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riBcuaalon of results of teste et 70® P: 

These results for the teste run »t 70® P. are plot ted In 
Plfure 2* A,'»ln ts shown tlae Increase of enulslhlllty with 
increase of esplwiltene concentre 1 on* At lili’hsr oonoertrs- 
tlons t)>s cHtilslhlllty appears to approach a oaxictun value 
a s>'«pt ot lea lly • 

It shottlcl he understood tliat the I'reundlloh adsorption 
ecjuatlon is an enpirlcal one and, as it liapperxi, only applies 
under special clrcumstat)ces* An enpirical equation wliioh holds 
Kore Ronerally was developed hy LsnfTUxirs^^ 

KC 

W S TV 0^ (11) 

where, applying; It to the systew under consideration, 

w is the nass of saplialteno adsorbed per unit area 
of interface, 

o is the concentration of the adsorbate (asphaltene) 
in the continoua phene (o*g*, cycloliexane), and 
a la a constant dependent on the partioular system* 

Age in, if tlie enulsibllity is a linear function of tlw ad- 
sorption in tlw interface, we can express the enulsihility : 

Tills relation holds better at 70® F* tlian does tlie lYeundlloh 
equation* It night bo inferred tint t'le Preundlloh equation 
holds at i*aiaed tenpei’Stures* 
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^&rt X , « .^ntcrffecinl tormlon vorcuo ftsptiPltmift oonorntmtion 



Proceclvxrc : 

Tho IntorfRcial tenalomof boiusene), oyolohoxanr , and liexone 
with various oxMicontrationa of aaplialtens wore ncasured* Tl» 

• spl»lt«ne% In tlx© forw of the crsokod blend, were added drop- 
wise as before froaj a dropper bottle, the bottle being woiglied 
before and after addition of the asplxaltene* The Interfadal 
tension was raeasurod by the standard drop-voluao wethod 

1«S 

developed by Itarklns and Brown* alxty-flve milliliters of 
tlie solvent being tested were mixed with a welglxed amount of 
asphaltene in a weighing bottle* A os pillary Uibo, whoso tip 
had boon groun<l and polished to a lonowta dlamotor, was Immersed 
in the solvent* Distilled water was caused to flow thi*ough the 
oapillsiry and a drop of water was very gradually blown up on 
the laworsed end of tl» tube* Juat before the di‘op broke away 
from the tl^ , It was allowed to build up of Itnelf under tl%e 
pull of gravity* Tlie volume of tho drop, wMoh deteinJjned 
by bxirette ncasuromnts, was tsken for s rrumber of drops and 
the aveswige voluxae computed* Tho Interfadal tmaloxi wee then 
caloulatod from the following formula: 



VAyOg 

^ * 2Trr'^(r/v>'^) 



( 13 ) 



wliere (r la tlie Interfadal tension In dynea/ca, 

V Is the volume of tixe drop In on^, 
dyo Is tlxe dlfferenoa in density in ga/on^ between tlie 

density of tlwi water and tl«t of tho solvent mixture. 
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P.3 



g In tlM Kr®vlt6tloi»l constant in ca/»«c^, 

V la tlio rsdluB of th« tit. in oja, 
y(rA^) • correction factor obtained from th« 
reference lltej*aturc.^^ 

All Koaavti'cnerita wore r«de at 70^ T* 



Kesulta: 

Caeple ilota nnd calculations of the interiaclal tepalon 
are pro anted in tlie Apj.7€ndix« 



r^ntienc (7QQ F. ) 



Ko. of 
drops of 
aspi^ltsne 


Weight of 
asphaltene 

1ml 


Oancertmtion cf 
asphaltene 
(rii/lltorj 


Volune 
of s 
drop (cn ) 


Xnteifadal 
tone ion 

(clyn«o/c*:) (c'.ynos/cn) 


U 


0 


0 


.496 


38.50 


0 


1 


.031 


.ATJ 


.472 


31.00 


1.50 


4 


.141 


2.17 


.598 


26.60 


6.00 


0 


•511 


4.79 


.503 


25.50 


7.00 


15 


•580 


9.07 


•56C 


24.43 


8.07 




Cyclohexane { 70 ° p,) 






No. of 
drops of 
asphn Iteno 


Weight of 
aaphaltene 

Im) 


Conoentsatlcn <f 
auplialtone 
(/Tn/llter) _ 


Volume 

of • 

drop (on'') 


IrtorlS^ial 

tension 

(dyne's/« 


•i) (dynes/cn) 


0 


0 


0 


•560 


45.20 


0 


1 


•U40 


•Cll 


•205 


33.20 


12.00 


2 


•082 


1.2C 


•24C 


30.90 


14.30 


4 


• U5 


2.50 


.230 


20 .bb 


10.35 



0 



•37U 



.214 27.07 lo,l3 



5.U1 




Change of [nterfacial Tension, or - g ('oyne5/cm) 
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Ho. of 
drops of 
asphalteno 


•height of 
esphaltene 

Cm) 


icnoaritatim of 
a spliA It one 
(gr-/llter). 


Volune 

of 

- drop ,( 


Intni'fBclsl 

Tension 

on®) (dyn^^s/c?!) (f.yms/i 


0 


0 


0 


.219 


42.53 


0 


1 


.034 


.523 


.203 


39.50 


3,03 


s 


.063 


.970 


.191 


37,20 


5.33 


c 


.206 


3.15 


.159 


31.15 


11.38 


12 


.413 


6.35 


.149 


20.20 


13.33 


1C 


.542 


0.35 


.147 


20.ti0 


13.73 



PlacuAslon of raauXio: 

In all oaoes tlw Intex’l'aclal tension <flaor(*aseci with In- 
oreaaa of aspliolteno c once- ntrot ion. In Fli^ure 5 la a log-log 
plot of tlve Intcrfaolal tension vorisuc tlia cspijalteno oonc<-ritj-ft- 
tlcm* Tlx* straight lines obtained Indicate that tlw Interfaolal 
tension la a llrwir function of tJ>e logarltln of tlve aapl»ltene 
concentration. Tliio parallels tlie fimllnge of Hllner^^ who 
m-asxired surfaco tenalons. Jie found tliat when subatances 
which strongly depi'ese tlxs surface tension are added to aater, 
the surface tendon la a linear function of the logarltha of 
the conenntrsti *n of the dlaeolvod substance for all except 
vary dlli<te solutions. 

In I-'if;uro 3 is slso plotted the clsuigo of Interfaolal 
tansion^ 0^ — <r ^ a ainst tlM aaptialteno conocntraticn. it 
will 1>« noted that the interfaolal tendon of cyclohexane 
Is noxH) affected by the addition of aaphalteno than ax'e tlie 
Interfaolal tensions of the other solventn. Ttd.s would aooount 
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for the grrater eMulelblllty of cyclohexane a a Indicated In 
Figures 1 and 2. Alto favoring; the eauleibllity of oyolo- 
hexane la the fact tliwt the donsity differential between 
cyololiexane ond water is not excessive ( ^ s .SIO g»/ozn^)t 

til© less the pull of gravity, the easier it is for tlie dlf- 
fuelonal force to overcoswi gravity and for a syateei to r«’»ain 
esiulsified* 

As nanifeat in Figure 3, tho intorfaoial tension of liexane 
is noro influenced by the addition cf asplialtcne than is the 
Interfaeial tension of bensene, although bensene is more easily 
eatulsifiod than is hexano* Till a would seen to be s ocmtra- 
diction until we ooneiCler that the denoity differential be- 
tween bensene and water { ^ z alls gm/<au^} is V 9 >vy low wliils 
that between Imxane and water ^ ^ ga/cn®) la very high* 

In other words, tlie light gravity of hexane la tlie predoninant 
factor that ifiiakoa liexane difficult to emulsify • ben::one, on 
ths other l»nd, has a relatively lioavy gr-ovlty and is wore 
auBoeptlble to cmilsif lost ion by tlie lowering ttf tlie inter* 
facial tension itStii is hexane* Tilth oyolohexane, wiiioh has 
an inteinaediate gravity, ilie doninant factor is ths oonpars- 
tively gr<at deoreaoe of interfaeial tension effected by the 
addliitYi ol' asplielteiio; It is this decrease of intsrfaoial 
tension which ssihes cyclohexane nore prone to or.{ulsif ication 
ttmn eitlmr bensene or hoxane* 

Hy entering Figures 2 end 3 with values of asplicltone con- 



oenti'ation, corrosi'Otmiru;; values of esiulsibility and interfaoisl 
iensi'm Imve been obtained as follows t 
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Interfacial Tension (dynes/cm) 70* 
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6oncentr«tion 

1.0 

2.0 

5.0 

10.0 



l.U 

2.0 

5.0 

10.0 



1.0 

2.0 

G.O 

10.0 



Dmilnibll^ t;jr 
(nln/til) 

.020 

.004 

.202 

.525 



Cyololicxang 

.160 
•564 
• 776 
l.OG 



llex&iw 

.0067 

.0070 

.0077 

.0000 



Interfacial ienaion 
(6ynea/ca) 

28.0 

27.0 

25.4 

24.3 



31.5 

21>.0 

87.3 

25.0 



36.0 

33.0 

30.2 

20.2 



71*r above values of ertulslblllty and trsterfadal tenalon 
are plotted In flrvire 4. It la evident fi^oei theen curvea that 
tb** ••■ulslbli^ ty of bcnrrne and oyclQljexan.' are affected by 
c>ian;Te of Intrrfactal tension, Kil»erea8 with Jiexan< a clarngo 
of inierJ’aclal tonnlen affects tJ-e oaulnlbllity only nlliibtly. 
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ritliii^Lmm mtf 



ev 



C(X]clu8lona 



1. i*«trolmaa jiroclucts ooritainlng cracksd enpbitltctnoB 
huv« gr<^«t«r OHulalbllltles t!'*n tho»« a oni Mining *trnlf,ht- 
run eanhNiltoncs^ all otlver things being eqxial* 

P. « The con }Oflition of the oil is a factor in eaailsi- 
bllity but t»ily Inaanuch an it affects tba prinery factors 
of interfacial tension and secllnrmtatior) force* 

5* The wmlolbility of an oil oan 1>« lessened by re» 
noval of the aapheltenes* Th*s resultant erailsibllity will 
still be dependent on the otl»r faotoj’s affecting tlie- inter- 
facial tension and those affecting the sodlncntatlon force* 
4 * ^ho ersilslbllity increases with inert aae of as- 
phaltene cone ntratlon: at 130® P* according to 



Tl»so are CBiplrlcal adsorption equations* They ere appli- 
cable to esiulsibllity i>ecause tlw) asplwltene is adsorbed 
in tlie oll-aater Interfece, eliere, by tl* natvire of tha 
■oleculr^ it lowers the interfacial tension, tliereby laaking 
the eolloical water j)articlea t)M»r&odynanlcally aore stable 
and leas able to coalesce* 



F a Kc^ 

and at 70® K* according to 



( 10 ) 




( 12 ) 



b* The Interfaclal tension decree nss with increase 
of aspli^ltene cone ntratlon; It la a linear fuztetion of 



2B 



Ua of tluj cvi»»^orir«tion ©*ce; t for very <Illlute 

c ono<' nt r® 1 1 on * • 

C« Cyolohoxane (&nd psi^.^ape tb* In ^^pneral) 

1» »nst ouace^tlijl*, of il» solvent® tested, of ewulsiflc*- 
tlox) by addition of ssphcltencs* 

7, Ci>cj ll^bt ♦jt*«vlty of liexane la Uia predoctlncnt factoj' 
that Makes hexsno difficult to essulalfy* 







vt 



irplloi^ue 



Tlie quotation ot oaiulalonn c«x)not b« roaolvad by sey* 
ln{j tlK»t one fector, or even two or tla^ee, «re aolriy re- 
aponclble for tlMs fonafttlon of an eswilslon* Tliere are joany 
factors wl.ich contribute to an eaulnlon, ©von on© of tl>© 
Boat simple tyi>«» 

But we can atteapt to clarify the picture by claaslfy- 
iri|' these factors either as priaary factors, those wh5.ch 
directly affect the cwulalbility, or aa subordinate factors, 
those which affect tl>e cmilaibillty only inasauoh aa tliey 
Influnno© tho pi'laary factors* I’ii,xiro f> is a diagrasEsatic 
sketch showing the subordination of certain factoi»a to the 
primary factors* 
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74.0 




G.7 


3 


68.8 




11.9 
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65.7 




17.0 
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58.9 




21.8 
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55.8 




£4.9 


0 


After filtering 
GO. 3 




0 


1 


72.3 




8.0 


2 


61.9 




18.4 


3 


5S.7 




27.6 



Th«M data are plotted in Pif^uro 6 rron which ia obtained: 

I5oforo filtering After filtering 
Deoailolbillty (average slope) 4«12 gsl/nin 0*0 nl/nin 

likiulalblXity (l/desaulsiblllty ) ,242 min/ml ,1X1 mln/cal 
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Time Since Stopping Paddle (min) 



31 



r»f>torwin»tion of p<»r c<nt aopbKltcne content ; 

of cracked (taa oil and flask (bofoj’o) 244. .32 

t»olf;ht of cracked gaa oil «ihA flask (after) 11)9 «75 

¥• eight of cradsed gea oil filtered 06 *64 



trelght of crucible, asbostoes, and filtered 
asphaltenes 

Weight of crucible and asbeatoea 
Weight of filtered asplmltenes 



21«r>90C gn. 
21,5004 
.0301 



Per cent •aphaltone content 






Calculation of interfacial tension at 70^ P, batwoen iia ter 
and bensene oontainirin Q drops (,311 gw) of aapla>ltene : 
Burette readings: 

1,063 ,062 1,249 1,260 

,606 ,476 ,062 ,B70 

.377 ,306 ,3o7 ,3132 

Average voluato ol‘ drop « ,383 o*i®. 

S .990 - .079 . ,119 gBj/c«^. 
g m 9b0 c«/seo^, 

r a ,4475 c», 

rA^ » -oie 

y(rA^) = .0225 



,303 X ,119 X 900 

s i — ;;44T') 



m 25,50 dynrs/cn. 
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